ABSTRACT. We aimed to investigate the role of IL-6 polymorphism on the development of cardiovascular events and coronary artery disease in patients receiving hemodialysis. Blood samples were collected from 216 patients receiving hemodialysis treatment. Polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) was used to genotype IL-6 -634C/G, -174G/C and -572C/G. By multivariate analysis, we found that the IL-6 -634GG genotype was associated with increased risk of cardiovascular events in patients receiving hemodialysis, with HR (95%CI) of 4.07 (1.20-15.70). Similarly, we found that the IL-6-174CC genotype was related to the onset and development of cardiovascular events in patients receiving hemodialysis, with HR (95%CI) of 3.33 (1.21-9.51). However, we did not find an association between IL-6 -572C/G polymorphism and risk of cardiovascular events in patients receiving hemodialysis. Our study suggests that IL-6 -634C/G and -174G/C polymorphisms are associated with risk of cardiovascular events in patients receiving hemodialysis.
INTRODUCTION
Atherosclerotic cardiovascular diseases (CVD) are the main reasons for the death of patients receiving hemodialysis (Fujisawa et al., 2000) . Local vascular inflammation related to venous neointimal hyperplasia is considered a predictive marker for fistula stenosis. Moreover, previous studies have reported that inflammation is associated with cardiovascular mortality in patients on dialysis (Yeun et al., 2000; Kaysen, 2001) . Most patients with end-stage renal disease present with chronic inflammation (Yao et al., 2004; Stenvinkel et al., 2005) . Multiple factors have a role in inflammation in end-stage renal disease, including genetic factors (Stenvinkel et al., 2005) .
Interleukin-6 (IL-6) is a proinflammatory and immunoregulatory cytokine found in diverse tissues, including fibroblasts, monocytes, adipocytes, and endothelial cells. IL-6 has a role in the genesis and maintenance of the inflammatory response (Satti et al., 2013) . The polymorphism of the IL-6 gene is associated with different levels of secreted protein according to the genotype. There are several polymorphisms in IL-6, including -634C/G, -174G/C, 572G/C and -597G/A (Rao et al., 2005) . Three functional proteins in the IL-6 gene, -634C/G, -174G/C, and -572C/G, are widely investigated for their association with risk of various diseases (Mandić et al., 2013; Sung et al., 2014; Yang et al., 2014; Nie et al., 2014) . These two gene polymorphisms may influence CVD susceptibility by altering gene regulation and protein expression (Morgan et al., 2006) . Several studies have shown that IL-6 gene polymorphisms are associated with risk of cardiovascular events in patients receiving hemodialysis (Marrone et al., 2007; Liu et al., 2008; Aker et al., 2009 ). Moreover, IL-6 polymorphism is regarded as an aggravating factor in the development and progression of renal disease (Kitamura et al., 2002; Aker et al., 2009) .
In our study, we aimed to investigate the role of IL-6 polymorphism in the development of cardiovascular events and coronary artery disease in patients receiving hemodialysis.
MATERIAL AND METHODS

Study population
The study included 216 patients receiving hemodialysis treatment for 12-15 h per week in People's Hospital of Rizhao. Data were collected between January 2009 and December 2010. All patients were angiographically diagnosed with CAD. CAD was diagnosed as the presence of one or more stenoses of >50% in at least one major artery or a main stem stenosis of >30%.
Informed consent was obtained from patients or their relatives before enrolling them in this study. Each case and control was asked to provide 5 mL blood for DNA sequencing.
The medical history of all patients was collected when enrolling them in study. The lipids and inflammation parameter and genotyping were conducted at the time of coronary angiography, and patients were followed up after coronary angiography. Coronary interventions and death were defined as the endpoints of the study, including percutaneous coronary angioplasty with or without stenting, and coronary artery bypass grafting (CABG) as well as myocardial infarction (MI). Patients were censored when they received renal transplantation. The study protocol was approved by the ethics committee of the People's Hospital of Rizhao.
All patients were followed up until December 30, 2013, with a median follow-up time of 35.2 months (range of 2 to 60 months). All patients were followed up by telephone every four weeks until coronary interventions, death, or the end of study.
Genotyping analysis
Venous blood was collected in ethylenediamine tetraacetic acid (EDTA)-coated tubes and stored at -20°C until use. Genomic DNA was extracted using the TIANamp blood DNA kit (Tiangen Biotech, Beijing, China) according to manufacturer instructions. Polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) was used to genotype IL-6 -634C/G, -174G/C and -572C/G. Primers and probes of IL-6 -634C/G, -174G/C and -572C/G were designed using the Sequenom Assay Design 3.1 software. PCR was performed in a 30-μL reaction solution containing 25 mM MgCl 2 , 2 mM 4X dNTP, 20 μM primer and 5 U/μL Taq DNA polymerase. PCR was started at 94°C for 5 min, followed by denaturation at 94°C for 45 s, annealing at 62°C for 60 s and extension at 72°C for 60 s, and a last extension at 72°C for 10 min. Reproducibility was verified by repeat analysis of a randomly chosen subgroup of 10% of the subjects.
Statistical analysis
Continuous variables are reported as means ± standard deviation (SD), while categorical variables are expressed as frequencies and percentages (%). Homozygotes of the most frequent genotype were regarded as the reference group. The Cox proportional hazards models were used to evaluate the effect of IL-6 -634C/G, -174G/C and -572C/G polymorphisms on progressionfree survival (PFS) and cardiovascular events and coronary artery disease in patients receiving hemodialysis, and the results are reported as hazard ratio (HR) and 95%CI. The Kaplan-Meier method was used to plot survival curves. All P values were two-tailed, and differences were considered to be statistically significant when P < 0.05. The SPSS ® statistical package, version 11.0 (SPSS Inc., Chicago, IL, USA) for Windows ® was used for statistical analyses.
RESULTS
Characteristics of study population
The demographic and clinical characteristics of the study population are shown in Table 1 . The mean age of included subjects was 58.6 ± 10.6 years. Of the 216 patients, 132 (61.11%) were males, and 155 (71.76%) had hypertension. The duration of hemodialysis was 5.7 ± 3.2 years. The levels of creatinine, albumin, total cholesterol, LDL-C, hemoglobin and platelets were 66.8 ± 21.5 mg/dL, 9.13 ± 2.3 mg/dL, 3.53 ± 0.24 mg/dL, 157.3 ± 28.3 mg/dL, 103.5 ± 31.6 mg/dL, 9.5 ± 0.5 g/dL and 204.6 ± 62.5 x 10 3 /μL. During the follow-up period, a total of 88 patients (40.74%) had CAD, coronary revascularization and cardiovascular events as well as death.
The distributions of IL-6 genotypes are shown in Table 2 . By multivariate analysis, we found that the IL-6 -634GG genotype was associated with increased risk of cardiovascular events in patients receiving hemodialysis, with HR (95%CI) of 4.07 (1.20-15.70) (Figure 1) . Similarly, we found that the IL-6-174CC genotype was related to the onset and development of cardiovascular events in patients receiving hemodialysis, with HR (95%CI) of 3.33(1.21-9.51) (Figure 2 ). However, we did not find an association between IL-6 -572C/G polymorphism and risk of cardiovascular events in patients on hemodialysis. Table 2 . Correlation between IL-6 -634C/G, -174G/C, and -572C/G polymorphisms and CAD, coronary revascularization and cardiovascular events in patients receiving hemodialysis. 
DISCUSSION
Interleukin-6 is one of the most common effectors in the inflammatory cascade (Rao et al., 2005) . Il-6 is a circulating multifunctional cytokine secreted in response to different types of inflammatory insults. It is reported that increased circulating levels of IL-6 are associated with various diseases in patients with end-stage renal disease, including malnutrition, hypertension, left ventricular hypertrophy, atherosclerosis and cardiovascular events (Brull et al., 2001; Losito et al., 2003; Rao et al., 2005) . IL-6 can cause endothelial cell damage, stimulate intracellular adhesion molecule and increase the attachment and diapedesis of leukocytes across endothelial cells (Pigott et al., 1992) . Several previous studies have indicated that elevated levels of IL-6 can stimulate vascular smooth muscle cell growth, and thus increase endothelial synthesis of plasminogen activator inhibitor, and finally result in progressive fistula stenosis in end-stage renal disease patients on hemodialysis. In our study, we found that the IL-6 -634GG and IL-6-174CC genotypes were associated with increased risk of cardiovascular events in patients receiving hemodialysis.
Previous studies have shown that IL-6 -634GG or G allele is a risk factor for renal disease progression (Kitamura et al., 2002; Buraczynska et al., 2007; Ryu and Kim, 2012) . Kitamura et al. (2002) conducted a study in Japan, and reported that IL-6 -634C/G polymorphism may be a possible genetic susceptibility factor for the progression of diabetic nephropathy. Buraczynska et al. (2007) conducted a study in Poland to investigate whether the SNPs in the promoter region of the IL-6 gene was associated with the development of chronic glomerulonephritis, and reported that the IL-6 -634C/G polymorphism may be a possible risk factor for faster progression of chronic glomerulonephritis to end-stage renal disease (Buraczynska et al., 2007) . Ryu and Kim (2012) conducted a study in Korea and found that the IL-6-634 G allele was associated with greater frequency in patients with end-stage renal disease and could be associated with patients with end-stage renal disease. We found that the IL-6 -634GG geno-type was associated with increased risk of cardiovascular events in patients on hemodialysis, which is in agreement with previous studies (Kitamura et al., 2002; Buraczynska et al., 2007; Ryu and Kim, 2012) . Therefore, IL-6-634C/G appears to be associated with progression of patients with end-stage renal disease.
In our study, we also found that the IL-6-174CC genotype was associated with increased risk of cardiovascular events in patients receiving hemodialysis. However, previous studies did not find an association between IL-6-174G/C polymorphism and progression of patients with end-stage renal disease (Kitamura et al., 2002; Buraczynska et al., 2007; Ryu and Kim, 2012) . The discrepancy in the results may be explained by the differences in ethnicities, sample size and also by chance. Further studies are greatly needed to confirm the association between IL-6-174G/C polymorphism and risk of cardiovascular events in patients on hemodialysis.
In conclusion, this study is the first to report that IL-6 -634GG and IL-6-174CC genotypes are associated with increased risk of cardiovascular events in end-stage renal disease patients receiving hemodialysis. Further large-sample studies are warranted to confirm our results.
